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Introduction
Choristomas or heterotopias are defined as congenital lesions composed of normal cells or tissue occupying an abnormal location. Epibulbar choristoma is considered a rare condition with a prevalence ranges from 1 in 10,000 to 3 in 10,000, although it is the most common form of epibulbar tumors in pediatric patients [1, 2] . Ocular choristoma could affect different structures such as the eyelid, iris, retina, choroid and in the case of epibulbar choristoma, it appears in the cornea, limbus, and the conjunctival space, where studies showed that most of the lesions in this area are choristomas [3] . In terms of extent, choristomas varies from small flat lesion to immense tumours which intensively occupy the whole epibulbar area [1, 4] . Epibulbar choristoma can be defined as simple when the ectopic pluripotent cells differentiate into single tissue. However, reports showed a complex nature of choristomas when cells even arises from 2 germ layers, the ectoderm and mesoderm differentiate into a variety of tissues as skin, bone, lacrimal gland, cartilage, or infrequently to myxomatous tissue [5] [6] [7] .
Epibulbar choristomas are normally defined as sporadic and they can develop alone, nevertheless, they can occasionally appear combined with different syndromes, such as Goldenhar's syndrome, epidermal nevus syndrome, encephalo-cranio cutaneous lipomatosis (ECCL), oculo-cerebro-cutaneous syndrome, and oculodermal syndrome [8, 9] .
The current work represents our experience with choristomatous lesions from the clinical and histopathological aspects to highlight important ophthalmic and/or systemic associations that might open the door for future molecular genetic testing. We also analyzed the histopathological constituents of epibulbar complex choristoma to reveal any significant relevance of each possible component to the clinical features, mainly the average size and the location of the lesion.
Patients and methods
This study was prepared in accordance with the ethical standards of the human ethics committee at KKESH and approval from the Research department in accordance with the Helsinki Declaration with the number (RP-1664-R). A general informed consent was taken from all cases which includes permission for anonymous use of photos and reporting. All histologic slides for cases presenting with an epibulbar mass and diagnosed histopathologically as a choristoma (dermoid, dermolipoma, complex and osseous) at xxx University hospital (KAUH) and xxxx Hospital (KKESH) between 1st of January 2000 and 31st of December 2016 were collected for initial review to be able to confirm https://doi.org/10.1016/j.amsu.2018.10.027 Received 14 June 2018; Accepted 21 October 2018 the diagnosis and calculate the prevalence of complex/osseous choristoma among all choristomas for further studying. Cases where the choristomatous lesion was identified upon histopathological review as a simple limbal dermoid/dermolipoma were further excluded. The clinical data of the corresponding patients with confirmed tissue diagnosis of complex/osseous epibulbar choristoma in all age groups (from birth) was collected using a specially designed Data collection sheet consisting of 2 major parts: Variables were categorized first for descriptive analysis then frequencies, percentages and continuous variables were presented in the form of mean ( ± Standard Deviation) and range (minimum to maximum). The means for each two categories of data based on the relationship between the different types of tissues and variables (average size of choristoma, location and presence of systemic association) were compared using Mann Whitney test. Any output with A finding of a p value below 0.05 was considered as sign of statistical significance.
Furthermore, clinicopathological correlation was presented with review of the relevant English-written literature.
This work has been conducted and prepared for publication in accordance with the STROCSS guideline (Strengthening the Reporting of Cohort Studies in Surgery) [10] .
Results
During a 16-year period, there were 120 patients with epibulbar choristoma, mostly being simple dermoid/dermolipoma except for 15 patients with complex/osseous choristoma accounting for 12.5% of the total number. These were distributed as 13/15 patients with complex choristoma (10.8%), and 2/15 patients with osseous choristoma (1.7%). All cases studied further were from Saudi Arabia. Out of the 15 patients, 7 cases (46.7%) were males and 8 cases (53.3%) were females. Mean age at the time of presentation was 7.6 years. The mean duration of patients' complaint was 83.4 months, however, the epibulbar mass was noticed since birth in 13 cases (86.7%) and was increasing progressively in size in 40.0%. Decreased vision was reported in 4 cases (26.7%) and there were no other significant complaints such as pain or diplopia.
The most common location of the epibulbar mass was temporal in 10 cases (66.6%). In one case, the whole globe was enucleated later at the time of study for another associated ocular condition and the exact location was not clearly identified in the chart. The remaining 4 cases were located as follows: 2 cases nasally and 2 cases superiorly.
Ophthalmic associated manifestations were documented in 11/15 cases (73.3%) as summarized in Table 1 with the commonest being lid abnormalities followed by optic nerve abnormalities. Upper Lid coloboma by itself was the most common association in one third of the cases.
Systemic 9 associations were encountered in 8 cases of epibulbar complex choristoma (One patient had 2 associated syndromes), and none was observed in the 2 cases of osseous choristoma (Graph 1). Goldenhar's syndrome was the most common in 5/9 associations (55.6%) and these 5 cases are summarized in Table 2 with an example: (second case) in Fig. 1A -C. Similarly, the 3 cases of Linear nevus sebaceous syndrome (LNSS) are summarized in Table 3 with an example (case 2) shown in Fig. 2 A-D. All 3 cases of LNSS had the typical nevus on the face but only 2 cases were documented to have alopecia. Other systemic associations were developmental delay, macrocephaly and seizure. The ophthalmic associations other than confirmed epibulbar complex choristoma in the 3 cases of LNSS syndrome, were: lid coloboma, optic disc coloboma and choroidal calcification, which was confirmed by B scan. One case only with confirmed diagnosis of ECCL (and Goldenhar's syndrome) has been identified in our series ( Fig. 3A-C) .
2 cases had confirmed histopathological diagnosis of osseous choristoma. None of the cases had any associated systemic abnormality. Both had the lesion since birth with no family history of a similar condition. One patient had an isolated osseous choristoma without any associated ophthalmic manifestations ( Fig. 4A and B) and the other had an associated Coat's disease in the same eye.
All cases in our series were managed surgically and the most common indication for surgical removal was cosmetic with mean of 44.6 months between presentations to surgical intervention. None of the cases had recurrence of the lesion (defined as a re-appearing growing mass at the same epibulbar location).
All cases showed the typical epidermal-like lining with skin appendages, wavy dense collagenous fibers and adipose tissue in variable proportions (Fig. 4C ), in addition to other types of tissue: glandular elements, smooth muscle fibers, cartilage, bone and ductal structures. The frequency of these different constituents is presented in Graph 2. While Table 4 shows the distribution of each type of tissue with the glandular acini being the commonest component confirmed histopathologically in 12/13 patients. We also studied the correlation between each component to 2 variables: the location and the size of the choristoma, where presence of smooth muscle component was found to be significantly associated with larger choristoma size (p = 0.042).
Discussion
In this study, 120 Saudi cases were included, and corresponding reports were filed within a period of 16 years. Only 10.8% were of the complex type and 1.7% was of the osseous type confirming the rarity of these lesions. Choristomas are classified as congenital lesions, nevertheless, they could clinically develop later in life. This has been evident in our study since the mean age at presentation in our study was 7.6 years. Although the studied type of lesion is typically known to be stationary, previous reports have documented subjective and objective progression of these tumors close to puberty [3, 11] . The present study showed similar tendency, where 40% of the studied cases showed progression around puberty age. Fig. 1 represents a 14-year-old case. There was no significant sex tendency.
The choristoma (of both types) was located in the temporal bulbar area near the limbus in more than 2 thirds of the cases and it was affecting the vision in less than one third. Complex epibulbar choristoma usually presents with other ophthalmic manifestation, and this has been further confirmed in 11 patients with lid coloboma being the most common association followed by optic nerve (ON) anomalies, which have included ON coloboma, and ON hypoplasia, then other ocular anomalies such as choroidal calcification, and microcornea. All these have been reported before. On the other hand, osseous choristoma considered the least frequent form of epibulbar choristomas, occupies 5-10 mm behind the limbus. Normally, they appear isolated and positioned in the supero-temporal quadrant, however, they can occasionally be present on other locations on the surface of the eye [12] [13] [14] . A pioneer in ophthalmology, Albrecht Von Graefe was the first to describe choristomas in1863, later on in 1964, Beckman and Sugar used the terminology of "osseous choristoma", as it is recognized currently [7, 15, 16] . Nowadays, and according to our PubMed-based literature research, 65 documented reports only were found since then. In one of these works, in a clinical survey done by Shields and co-authors, in 1643 conjunctival lesions it was possible to identify 5% of osseous choristoma cases out of all choristomas, which was present in 1% of all the studied conjunctival lesions [17] . Osseous choristomas are usually unilateral, however, bilateral cases were also reported, and moreover they can also be associated with systemic diseases, although not the majority of the cases [6, 18, 19] . Interestingly, one of our 2 cases with osseous choristoma did not have an isolated lesion but had an associated Coat's disease in the same eye, which has not been previously reported to the best of our knowledge.
Systemic association was found in 8 of our complex choristoma patients and Goldenhar's syndrome was the most common -as expectedin more than half of the patients followed by LNSS in 3 cases (organoid nevus syndrome) and a single case of ECCL.
Oculo-auriculo-vertebral spectrum (OAVS) is a developmental complex craniofacial syndrome that primarily affects the structures of head and neck that are derived from the first two branchial arches and the intervening first pharyngeal pouch and brachial cleft during embryogenesis [20, 21] . The characteristic findings of this syndrome include: epibulbar dermoid, ear anomalies, hemifacial microsomia, and vertebral anomalies. Goldenhar's syndrome, lateral facial dysplasia, and hemifacial microsomia are often used as alternative terms to indicate similar syndromes sharing the presence of choristoma as part of the same clinical series, with difference only in the phenotype severity [22, 23] . In 1993, Kobrynski L and co-workers reported a case of an infant, associating the Trisomy 22, facio-auriculo-vertebral (Goldenhar) sequence with complex choristoma [24] .
Different rare systemic syndromes associated to choristomas such as LNSS [25] . LNSS is a linear sebaceous nevus with an extensive scope of abnormalities that includes the central nervous system (CNS). This condition causes convulsions, mental retardation as well as cerebral and cerebellar hypoplasia. Also, LNSS can present with the following variety of choristomas: conjunctival simple or complex choristomas, posterior scleral cartilaginous choristoma and eyelid coloboma. Organoid nevus syndrome shows fundus lesions that have been read as choroidal coloboma and osteoma but in one case, it has been documented Fig. 3 . A. 7-year-old Saudi girl presented initially with a lesion in the right supero-temporal epibulbar area since birth. Systemically, the patient had abnormal skull, history of seizure, arachnoid cyst temporally and alopecia. She was also diagnosed to have intracranial lipoma and was diagnosed to have Goldenhar's syndrome and ECCL. Right eye also showed microcornea and optic nerve hypoplasia. Her refraction showed anisometropia. B. Right fundus photo showing optic nerve hypoplasia in the same patient in comparison to the normal optic nerve in the left fundus photo in C. histopathologically to be a cartilaginous choristoma [26] [27] [28] [29] [30] . Of the 3 cases of organoid nevus syndrome in our series, all had nevus in the face but only 2 cases were documented to have alopecia. Other systemic associations found in our study were developmental delay, macrocephaly and seizure.
Encephalo-cranio-cutaneous lipomatosis (ECCL), or Fishman or Heberland syndrome, is another rare congenital neuro-cutaneous illness that particularly affect tissues derived from ecto-mesodermal elements, such as the skin, CNS and the eye [31, 32] . classically, ECCL has a triad of cutaneous, ocular and CNS abnormalities. The cutaneous anomalies include nevus psiloliparus, subcutaneous lipoma in the fronto-temporal region, focal dermal hypoplasia or aplasia, small nodular tag on the eyelid or at outer canthal area. While some ocular abnormalities are reported to be choristomas, colobomas, corneal or anterior chamber deformities, and globe calcification, and finally the CNS abnormalities. Those cases are characterized as lipomas, anomalous intracranial vessels, hemisphere degeneration (complete or partial), asymmetrical dilatation of the ventricles or hydrocephalus, arachnoid cyst, porencephalic cyst, and calcification [33] [34] [35] .
Our only case of combined ECCL and Goldenhar's syndrome (demonstrated in Fig. 3 ) had abnormal skull, seizure, temporal arachnoid cyst, alopecia and history of excised intracranial lipoma. The patient's ocular findings included right upper lid skin tag, microcornea and optic nerve hypoplasia. According to literature review there was no reported cases of ECCL associated with Goldenhar's syndrome.
Histopathologically, the choristoma in the epibulbar area will be coated by skin-like epithelium showing dense fibrous tissue and depending on other factors, different amounts of adipocytes. In the complex epibulbar choristoma, other cells can be observed including: glandular acini, smooth muscle fibers, cartilage, bone and rarely myxomatous tissue [5, 36] . The osseous choristoma is typically composed of well developed, compact bone, in which the osteocytes would look histopathologically normal with harversian canals present [12] .
Interestingly upon correlation of the choristomatous component and location/size of the lesion, our data analysis showed that the presence of smooth muscle was significantly associated with a larger size choristoma (p = 0.042).
Choristomas can be managed when choristomas are accompanied by symptoms or they became a concern to the patient and family, surgical removal would be an option. In our study, all cases were managed surgically (for diagnostic, therapeutic and cosmetic reasons) by direct excision of the mass with no complications or recurrence.
Conclusions
In spite of the fact that epibulbar complex choristoma and osseous choristoma are considered by some as 2 separate entities, they are both rare and can be associated with either systemic manifestations (in the former) or ocular manifestations (in the later). No specific sex predilection has been found, most cases are documented to have the lesion since birth with possible progressive increase in size around puberty, and they are mostly temporal in location. Histopathologically, the choristomas in our series were not different than what has been reported, however, we have demonstrated that the presence of smooth muscle is significantly associated with a larger size choristoma.
Interesting ophthalmic associations were frequently encountered in our complex choristoma cases with the lid anomalies followed by ON anomalies being the commonest. The association of osseous choristoma and coat's disease in the same eye is being observed in our study for the first time. Out of the 13 cases of complex choristoma, more than half had associated syndromes with Goldenhar's syndrome being the commonest in addition to LNSS and ECCL. Our single diagnosed case of ECCL had clinical evidence of an associated Goldenhar's syndrome. Even though our sample size is small, these associations might raise the necessity for genetic studies in our community where consanguinity is common.
We recommend such genetic research for better understanding of the pathogenesis of these lesions and consideration of molecular therapy.
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